The structures of citridones A, B, BЈ and C, new potentiators of miconazole activity against Candida albicans produced by Penicillium sp. FKI-1938, were elucidated by various spectroscopic analyses including UV, NMR, and MS and degradation experiments. Although citridones B and BЈ were isolated as a mixture, each structure was also elucidated, indicating that they exist in equilibrium of hemiacetal epimerization. Citridones A, B and BЈ have a similar phenylfuropyridone moiety.
citridones B and BЈ, and citridon C are summarized in Table 1 . All citridones showed very similar UV spectra with absorption maxima at 203ϳ207 nm and 233ϳ246 nm, suggesting the presence of phenylfuropyridone as reported by Sakemi et al. [2] . Absorptions at about 1670ϳ1639 cm Ϫ1 in IR spectra suggested the presence of carbonyl groups. Thus similarity in their data indicated that they are structurally related.
Structure of Citridone A
The molecular formula of citridone A was determined to be C 19 H 19 NO 2 on the basis of HRFAB-MS measurement ( and C-3Ј supported the partial structure III. 4) The cross peaks from 6-H to C-8 and from 9-H to C-7 (d 111.7) indicated that the partial structures I and II are linked as shown in Fig. 3 . 5) The cross peaks from 3-H to C-1Ј, C-2Ј and C-4Ј, from 6Ј-H 3 to C-1Ј, from 1Ј-H to C-2 and C-3, from 3Ј-H to C-3 and from 4Ј-H 3 to C-3 indicated that the partial structures I and III are joined at C-2 and C-3 as shown in Fig. 3 . Thus, the planar structure of citridone A is shown in Fig. 3 . This is reasonable in the molecular formula (C 19 H 19 NO 2 ) and the UV spectra at 205 and 246 nm, which indicated the presence of 4-hydroxy-7-phenylfuropyridine as previously reported for CJ-15,696 derivative [2] . The relative configurations of C-2, C-3 and C-3Ј were determined by NOE experiments. Observation of NOEs from 3-H to 4Ј-H 3 and 6Ј-H 3 (Fig. 4) indicated that it forms a cis-geometry. Accordingly, the relative configurations are 2R*, 3R* and 3ЈS *. Taken together, the structure of citridone A was elucidated as shown in Fig. 1 .
Structure of Citridones B and B
Citridones B and BЈ were isolated as a mixture, and existed in an equilibrium of 3 : 2 in a solution from the HPLC analysis.
The molecular formula of citridone B was determined to (Fig. 5) . The cross peaks from 2-H to C-2Ј and C-3Ј, from 2Ј-H to C-2 and 4Ј-H to C-2 indicated that the partial structures IV and V are linked at C-2 as shown in Fig. 6 . The cross peak from 5Ј-H to C-3Ј indicated that the partial structure IV is cycled between C-3Ј and C-5Ј beyond an oxygen. The number and position of the hydroxyl groups were confirmed by the acetylation and the methylation. Accordingly, the planar structure of citridone B is shown in Fig. 6 . This is reasonable in the molecular formula (C 19 H 21 NO 5 ) and the UV spectra at 207 and 233 nm, which indicated the presence of 4-hydroxy-5-phenylfuropyridine as previously reported for CJ-15,696 derivative [2] . The relative configurations of C-2, C-3, C-3Ј and C-5Ј were determined by the NOESY experiments (Fig. 7) . The cross peaks from 2-H to 1Ј-H 3 , 2Ј-H, and 6Ј-H 3 and from 5Ј-H to 4Ј-H 3 indicated that it forms a cis-geometry. Thus the relative configurations were 2R*, 3S*, 3ЈS* and 5ЈS*. However, the relative configuration of C-2Ј was not defined. Taken together, the structure of citridone B was elucidated as shown in Fig. 1 .
Citridone BЈ was an epimer at C-5Ј of citridone B. The cross peaks from 2-H to 1Ј-H 3 , 2Ј-H and 6Ј-H 3 and from 5Ј-H to 2-H, 2Ј-H and 6Ј-H 3 in the NOESY experiments (Fig.  7) showed that it forms a cis-geometry. Thus the relative configuration is 5ЈR*. Finally, the structure of citridone BЈ was elucidated as shown in Fig. 1 . Thus, it is plausible that citridones B and BЈ exist in an equilibrium of hemiacetal epimerization via the aldehyde as the intermediate (Fig. 7) .
Structure of Citridone C
The molecular formula of citridone C was determined to be C 19 H 19 NO 4 on the basis of HRFAB-MS measurement ( shown in Table 3 . Analysis of the 1 H-1 H COSY and 13 C-1 H HMBC spectra revealed the two partial structures VI and VII (Fig. 8) . 3) The cross peaks from 4-H 2 to C-7 and from 17-H 3 to C-7 indicated that the partial structures VI and VII are joined at C-5 and C-7. 4) The cross peak from 9-H to C-6 indicated that the partial structure VII is linked to give a cyclic structure beyond nitrogen as shown in Fig. 9 . 5) Taking the chemical shifts and molecular formula (Table 1) into consideration, C-8 and C-10 should be hydroxy carbons as shown in Fig. 9 .
The relative configurations of C-9 and C-10 were determined by the NOE experiments (Fig. 10) . Observation of NOEs from NH (d 5.78) to 9-H and from 10-H to 9-H and 12-H indicated that it forms a cis-geometry. Thus, the relative configurations of C-9 and C-10 were 9R * and 10R *. The relative configuration of C-5 was not determined by the NOE experiments because it was far from C-9. However, NOEs from 16-H 3 to 4-H 2 and from 17-H 3 to only 4-H (d 2.62) were observed as shown in Fig.  10 . Thus, the structure of citridone C was elucidated as shown in Fig. 1 .
Discussion
Eight phenylfuropyridones (or hydroxy-phenylfuropyridines) were reported as antibacterial or antifungal antibiotics from Cladobotryum varium [2ϳ4] . Based on the ring system of the furopyridone moiety, they are classified into the two types as summarized in Fig. 11 . Type A is the phenyl-a-furopyridone family containing the A-1 group (6-6/5 ring system) such as CJ-16,170, CJ-16,196 and CJ-16,197 [2] , and the A-2 group (6-6/5/6 ring system) such as CJ-16,171 [2] . Citridone A is a member of Type A having a new 6-6/5/5 ring system (A-3 group). Type B is the phenylg-furopyridone family containing the B-1 group (6-6/5 ring system) such as CJ-15,696, CJ-16,169, CJ-16,174 [2] , and cladobotryal [5] , and the B-2 group (6-6/5/6 ring system) such as CJ-16,173 [2] . Citridones B and BЈ are members of Type B having a new 6-6/5/5 ring system (B-3 group). Citridone C has an isolated ring system (Type C).
Regarding the chemical shift of the C-2 quaternary carbon for citridone A (A-3 group in Fig. 11 ), the value (104.1 ppm) seemed very lower than the expected one. However, it was reported that the analogous chemical shift (95.1 ppm) of the C-2 methine carbon for CJ-16,170 (A-1 group in Fig. 11 ) also showed a lower value [2] . It might be that the C-2 carbons in Type A compounds show lower chemical shifts due to the unexpected reasons. But further experiments such as X-ray crystallography or synthetic approaches are necessary to define this point. Citridones B and BЈ are illustrated as a pyridone-type structure in Figs. 1, 6 and 7, because N-methyl derivative was obtained by methylation of citridone B (data not shown). However, they might co-exist with a pyridinol-type structure because tri-O-acetyl derivative was obtained by acetylation of citridone B (data not shown).
Thus, citriodnes are found to be a new type of phenylfuropyridones possessing unique ring systems. Their biosynthesis appeared to be related to that of fungal tenellin case [6] .
